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TITLE OF THE INVENTION 
PLASMA GENERATION APPARATUS 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

This invention concerns a modified magnetron high-frequency 
discharge type plasma generation apparatus. 
2. Description of the Related Art 

In general, in order to fabricate a solid device, it is necessary to employ 
10 a surface treatment apparatus for subjecting the surface of the substrate of 
the solid device to some prescribed treatment- By solid device here is meant, 
for example, any semiconductor device or liquid crystal display device, etc. 
And by the substrate of the solid device is meant a substrate such as a wafer 
for a semiconductor device or giass plate for a liquid crystal display device. 
15 Such surface treatment apparatuses include dry etching apparatuses 

and CVD (chemical vapor deposition) devices, and so on. By dry etching 
apparatus here is meant an apparatus for dry-etching the surface of a 
substrate. And by CVD apparatus is meant an apparatus for using a 
chemical reaction to form a prescribed thin film on the surface of a substrate. 
20 Among these surface treatment apparatuses are plasma surface 

treatment apparatuses which use plasma to effect prescribed treatments on 
substrate surfaces. In order to implement such a plasma surface treatment 
apparatus, it is necessary to have a plasma generation apparatus for 
generating plasma. 

25 In recent years, a demand has risen for plasma generation apparatuses 

which can generate plasma under conditions of low discharge gas pressure, 
reflecting the trend toward greater solid device miniaturization. 
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More specifically, when a solid device is further miniaturized, greater 
precision in the direction of ion incidence on the substrate is demanded. 
This incidence direction precision depends on the pressure of the discharge 
gas. That is, when the gas pressure is low, the incidence direction precision 

5 is higher, and when that pressure is high, the precision is lower. This is 
because, when the gas pressure is high, as the ions in the plasma impact the 
substrate while being accelerated by the sheath voltage on the surface of the 
substrate, they collide with neutral gas before reaching the surface. Thus it 
is necessary to generate plasma at low gas pressures to cope with further 

10 miniaturization in solid devices. 

By low gas pressure, furthermore, although this will differ according to 
the type of surface treatment involved, is generally meant a pressure of 30 m 
Torr or less. By way of comparison, when a semiconductor device wafer is 
subjected to dry etching, the plasma should be generated with a gas pressure 

15 of about 10 m Torr. 

The magnetron high-frequency discharge type ox plasma generation 
apparatus has been known for some time as a plasma generation apparatus 
capable of generating plasma at low gas pressures. This apparatus 
generates plasma by magnetron discharges using a high-frequency electric 

20 field. 

An example of such a plasma generation apparatus is described in the 
literature cited below. 

Reference: Unexamined Patent Application [Tokkai] No. H7-201831 
[1995]. 

25 The plasma generation apparatus described in the cited literature is 

fashioned so that it generates plasma by generating magnetron discharges 
by a high-frequency electric field formed by a cylindrical discharge electrode 
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and a magnetic field formed by ring-shaped permanent magnets. 
SUMMARY OP THE INVENTION 
With the plasma generation apparatus described in the cited patent 
application, however, there is a problem in that high-density plasma cannot 
5 be generated in the center of the plasma generation region. This is due to 
fact that, in this plasma generation apparatus, plasma is mainly generated 
at the surface of the discharge electrode. By center of the plasma 
generation region here is meant the center in the radial dimension of the 
discharge electrode (and so hereinafter). 

10 Thus, with this plasma generation apparatus, when a plasma surface- 

treatment apparatus is implemented, there is a problem in that surface 
treatment cannot be performed under uniform plasma density conditions. 

In order to resolve this problem, it is only necessary to install the 
susceptor in a location that is considerably removed from the discharge 

15 electrode in the axial direction thereof. By susceptor here is meant a 
.substrate carrier on which the substrates being processed are carried. 

With such a configuration as this, however, although it is possible to 
perform surface treatment under uniform plasma density conditions, it is not 
possible to perform surface treatment under conditions of high plasma 

20 density, which constitutes a new problem. This is due to the fact that, in a 
plasma generation apparatus such as that described above, as the distance 
from the discharge electrode increases in the axial direction, plasma density 
declines due to plasma diffusion loss. As a consequence, with such a 
configuration as this, the surface treatment processing speed becomes slow. 

25 In view of the foregoing, there is a need for a modified magnetron high- 

frequency type of plasma generation apparatus that can generate high- 
density plasma in the center of the discharge electrode as well as at the 
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periphery. By periphery of the plasma generation apparatus here is meant 
the peripheral region in the radical dimension of the discharge electrode (and 
so hereinafter). 

Thereupon, an object of the present invention is to provide a modified 
5 magnetron high-frequency discharge type plasma generation apparatus 
capable of generating high-density plasma in the center of the plasma 
generation region as well as at the periphery. 

The plasma generation appar atus described in Claim 1, for the purpose 
of resolving the problem noted above, comprises a vacuum vessel, gas 
10 induction means, exhaust means, discharge electrode, first high-frequency 
electric power application means, magnetic force line formation means, and 
two walls. 

The vacuum vessel is a vessel in the interior of which is established a 
plasma generation region. The gas induction means are means for 
15 inducting discharge ga? iz?to the interior of the vacuum vessel. The exhaust 
means are means for exhausting the atmosphere in the interior of the 
vacuum vessel. The discharge electrode is an electrode positioned so as to 
enclose the plasma generation region. This electrode is formed in a 
cylindrical shape. 

20 The first high-frequency electric power application means are means 

for applying high-frequency electric power to the discharge electrode. The 
magnetic force line generation means are means for forming prescribed lines 
of magnetic force. These magnetic force lines have portions that roughly 
parallel the discharge electrode center axis, the length of these parallel 

25 portions becoming longer the closer they are to the center axis. The two 
walls are walls that define the scope of the plasma generation region in the 
dimension of the discharge electrode center axis. These two walls are 
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positioned so as to sandwich the plasma generation region between them in 
the dimension of the center axis of the discharge electrode. 

The plasma generation apparatus cited in Claim 1. moreover, is 
characteristic in that it is configured so that the magnetic force lines that 

5 pass through the center of the plasma generation region are shaped so that 
they do not intersect the two walls. 

These magnetic force lines are formed, for example, by suitably setting 
the size of the vacuum vessel, the position and configurating of the magnetic 
force lines forming means, and the position of and interval between the two 

10 walls, etc. 

With the plasma generation apparatus described in Claim 1, when 
plasma is generated, discharge gas is inducted by the gas induction means 
into the interior of the vacuum vessel. When this is done, furthermore, the 
atmosphere in the interior of the vacuum vessel is exhausted by the exhaust 

1 5 means. Thus the interior of the vacuum vesse] is established in a condition 
of reduced pressure. In this case, moreover, high-frequency electric power 
is applied to the discharge electrode. Thus is formed a high-frequency 
electric field component oriented in the radical direction of the discharge 
electrode. And, furthermore, magnetic force lines having portions roughly 

20 parallel to the center axis of the discharge electrode are formed by the 
magnetic force lines forming means. Thus are formed a high-frequency 
electric field and magnetic field that are mutually perpendicular in the 
plasma generation region. As a consequence, the electrons emitted by the 
discharge electrode exhibit magnetron motion. This magnetron motion 

25 generates magnetron discharges. Plasma is generated by the magnetron 
discharges. 

With this apparatus, configured in this way, the magnetic force lines 
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that pass through the center of the plasma generation region are established 
having a shape wherewith they do not intersect the two walls. Thus the 
outflow of high-energy electrons can be suppressed in the center of the 
plasma generation region. 
5 By high-energy electron outflow here is meant the flowing out, through 

the walls, of high -energy electrons trapped by the magnetic force lines. 
This outflow occurs irrespective of the material of which the two walls are 
made. That being so, this outflow is determined by the difference between 
the surface potential on the two walls and the plasma space potential, and by 

10 the positional relationship between the two walls and the magnetic force 
lines formed in the plasma generation region. 

By means of this suppression, magnetron discharge generation 
efficiency can be enhanced in the center of the plasma generation region just 
as at the periphery. Thus plasma generation efficiency is enhanced in the 

15 center of the plasma generation region as at the periphery thereof. As a 
consequence, high-density plasma can be generated in the center of the 
plasma generation region just as in the periphery. 

The plasma generation apparatus cited in Claim 2 is the apparatus 
cited in Claim 1, wherein the two walls are formed of a material exhibiting 

20 electrical conductivity. 

With the plasma generation apparatus cited in Claim 2, the two walls 
are formed of a material exhibiting electrical conductivity. Thus it is 
possible, using these walls, to electrically control the density of the plasma. 
The plasma generation apparatus cited in Claim 3 is the apparatus 

25 cited in Claim 2, further comprising second high-frequency electric power 
application means for applying high-frequency electric power to one of the 
two walls. 
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With the plasma generation apparatus cited in Claim 3, high-frequency 
electric power is applied by the second high-frequency electric power 
application means to one of the two walls. Thus a high-frequency electric 
field is formed in the center axial dimension of the discharge electrode. As a 
5 consequence, the high-energy electrons trapped by the magnetic force lines 
exhibit high-frequency oscillation in the direction of the center axis of the 
discharge electrode. This high-frequency oscillation generates discharges 
(hereinafter called "high-frequency oscillation discharges") that differ from 
the magnetron discharges. As a result, plasma generation efficiency is 
10 enhanced. 

The high-frequency oscillation discharge generation efficiency rises 
higher in the center of the plasma generation region than at the periphery. 
This is so because, in the magnetic force lines, the portions thereof parallel to 
the discharge electrode center axis become longer the closer they are to the 

15 center axis. Thus plasma generation efficiency in the center of the plasma 
generation region is enhanced. 

The plasma generation apparatus cited in Claim 4 is the apparatus 
cited in Claim 3, wherein the other of the two walls is connected to a 
reference potential point. 

20 With the plasma generation apparatus described in Claim 4, the other 

of the two walls is connected to the reference potential point. Thus the 
average plasma space potential can be made low. As a result, it is possible 
to reduce contamination by metal from the other electrode surface connected 
to the reference potential point. 

25 The plasma generation apparatus cited in Claim 5 is the apparatus 

cited in Claim 3, wherein the other of the two walls is established in an 
electrically floating state. 
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With the plasma generation apparatus described in Claim 5, the other 
of the two walls is established in an electrically floating state. 
Thus it is possible to reduce the damage done in the other of the two walls by 
the sheath voltage. 

5 The plasma generation apparatus cited in Claim 6 is the apparatus 

cited in either Claim 4 or 5, wherein the other of the two walls is used as a 
holder for holding the object being treated when that object being treated is 
subjected to a prescribed treatment. 

With the plasma generation apparatus described in Claim 6, it is 
10 possible to lower the sheath voltage in the surface of the object being treated 
that is being held by the other of the two walls. Thus it is possible to reduce 
the damage done to the object being treated by the sheath voltage. 

The plasma generation apparatus cited in Claim 7 is the apparatus 
cited in Claim 3, wherein the first-frequency electric power application 
15 means comprises a first high-frequency electric power supply for outputting 
the high-frequency electric power applied to the discharge electrode. 
Moreover, the second high-frequency electric power application means 
comprises a second high-frequency power supply for outputting the high- 
frequency electric power that is applied to one of the two walls by the second 
20 high-frequency electric power application means. 

With the plasma generation apparatus cited in Claim 7, the high- 
frequency electric power applied to the discharge electrode is output from the 
first high-frequency electric power supply. On the contrary, the high- 
frequency electric power applied to one of the two walls is output from the 
25 second high-frequency electric power supply. Thus the magnitude of the 
high-frequency electric power applied to the discharge electrode and the 
magnitude of the high-frequency electric power applied to one of the two 
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walls can be set independently. As a consequence, the density of the plasma 
generated by the magnetron discharges and the density of the plasma 
generated by the high-frequency oscillation discharges can be set 
independently. Thus it is possible to establish the density distribution of 
5 the plasma in the radial dimension of the discharge electrode as a uniform 
density distribution. 

The plasma generation apparatus cited in Claim 8 is the apparatus 
cited in Claim 3, wherein the first high-frequency electric power application 
means comprises high-frequency electric power supply for outputting the 
10 high-frequency electric power applied to the discharge electrode. In this 
apparatus, moreover, the second high-frequency electric power application 
means comprises a high-frequency resonant circuit that resonates with the 
high-frequency electric power output by the high-frequency electric power 
supply. 

15 With the plasma generation apparatus described in Claim 8, the high- 

frequency electric power applied to the discharge electrode is provided by the 
high-frequency electric power supply. On the contrary, the high-frequency 
electric power applied to one of the two walls is provided from the high- 
frequency power supply via the high-frequency resonant circuit. Thus the 

20 number of high-frequency electric power supplies can be limited to one. As 
a consequence, it is possible both to keep the apparatus circuit configuration 
simple and to reduce manufacturing costs. 

The plasma generation apparatus cited in Claim 9 is the apparatus 
cited in Claim 2, wherein both of the two walls are connected to the reference 

25 potential point. 

In the plasma generation apparatus described in Claim 9, both of the 
two walls are connected to the reference potential point. This makes it 
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possible to lower the average plasma apace potential even farther. As a 
result, contamination by metal from the surface of the electrode connected to 
the reference potential point can be suppressed to a bare minimum. 

The plasma generation apparatus cited in Claim 10 is the apparatus 
5 cited in Claim 1, further comprising control means for controlling the 
magnitude of the high-frequency electric power applied by the first high- 
frequency electric power application means to the discharge electrode. 

With the plasma generation apparatus described in Claim 10, the 
magnitude of the high-frequency electric power applied to the discharge 
10 electrode is controlled by the control means. Thus the density of the plasma 
generated by the magnetron discharges can be controlled. 

The plasma generation apparatus cited in Claim 11 is the apparatus 
cited in Claim 7, further comprising control means for controlling the high- 
frequency electric power output by the first and second high-frequency 
15 electric powei supplies. 

With the plasma generation apparatus described in Claim 11, the 
magnitude of the high-frequency electric power applied to the discharge 
electrode and the magnitude of the high-frequency electric power applied to 
one of the two walls are controlled by the control means. Thus the density 
20 of the plasma generated by the magnetron discharges and the density of the 
plasma generated by the high-frequency oscillation discharges can be 
controlled. As a consequence, the density distribution of the plasma in the 
radial dimension of the discharge electrode can be controlled. 

The plasma generation apparatus cited in Claim 12 is the apparatus 
25 cited in Claim 11, wherein the control means are configured so that, when 
controlling the magnitudes of the high-frequency electric power output by 
the first and second high-frequency electric power supplies, both magnitudes 
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are controlled such that the ratio between them is always a predetermined 
value. 

With the plasma generation apparatus described in Claim 12, the 
magnitudes of the high-frequency electric power output from the first and 

5 second high-frequency electric power supplies are continually controlled so 
that the ratio between the two magnitudes is a predetermined value. Thus, 
when controlling the plasma density, that control can be effected while 
continually maintaining the prescribed plasma density distribution in the 
radial dimension of the discharge electrode. Also, by designating the 

10 magnitude of the high-frequency electric power output from either one of the 
first and second high-frequency electric power supplies, the magnitude of the 
high-frequency electric power output from the other is automatically 
corrected- Thus the operator work load when controlling the magnitude of 
the high-frequency electric power can be reduced. 

15 The plasma generation apparatus yited in Claim 13 is the apparatus 

cited in Claim 8, further comprising control means for controlling the 
magnitude of the high-frequency electric power output by the high-frequency 
power supply. 

With the plasma generation apparatus described in Claim 13, by 
20 controlling the magnitude of the high-firequency electric power output by the 
high-frequency electric power supply, the magnitude of the high-frequency 
electric power applied to the discharge electrode is controlled- At the same 
time, furthermore* the magnitude of the high-frequency electric power 
applied to one of the two walls is also controlled. Thus the operator work 
25 load when controlling the magnitude of the high-frequency electric power 
can be reduced. 

The plasma generation apparatus cited in Claim 14 is the apparatus 
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cited in Claim 1, further comprising position adjustment means for adjusting 
the positions of the two walls in the center axial dimension of the discharge 
electrode. 

With the plasma generation apparatus described in Claim 14> the 

5 positions of the two walls in the center axial dimension of the discharge 
electrode can be adjusted. Thus, after the apparatus has been assembled, 
magnetic force lines can be formed that do not intersect the two walls. As a 
consequence, the formation of such magnetic force lines is made easy. 

The plasma generation apparatus cited in Claim 15 is the apparatus 

10 cited in Claim 1 ( wherein one of the two walls is used as a gas diffusion plate 
for diffusing the discharge gas in the plasma generation region. In this 
apparatus, furthermore, the other of the two walls is used as a holder for 
holding the object being treated when subjecting that object being treated to 
a prescribed treatment using the plasma, 

15 With the plasma generation apparatus described in Claim 15, the 

discharge gas inducted by the gas induction means is dispersed in the 
plasma generation region by one of the two walls. Thus the discharge gas is 
supplied uniformly throughout the plasma generation region. With this 
apparatus, furthermore, when the plasma is used to perform a prescribed 

20 treatment on an object being treated, that object being treated is held by the 
other of the two walls. Thus a plasma treatment apparatus can easily be 
configured from the plasma generation apparatus. 

The plasma generation apparatus cited in Claim 16 comprises a 
vacuum vessel, gas induction means, exhaust means, discharge electrode, 

25 first high-frequency electric power application means, magnetic force line 
formation means, two walls, and second high-frequency electric power 
application means. 
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Here the vacuum vessel is a vessel having a plasma generation region 
established in its interior. The gas induction means are means for 
inducting the discharge gas into the interior of the vacuum vessel. The 
exhaust means are means for exhausting the atmosphere in the interior of 

5 the vacuum vessel. The discharge electrode is an electrode deployed so as to 
enclose the plasma generation region. This electrode is formed in a 
cylindrical shape. The first high-frequency electric power application 
means are means fev applying high-frequency electric power to the discharge 
electrode. The magnetic force line formation means are means for forming 

10 magnetic force lines in the plasma generation region. The two walls are 
walls that define the scope of the plasma generation region in the center 
axial dimension of the discharge electrode. These two walls are formed of a 
material exhibiting electrical conductivity, and are deployed so as to 
sandwich the plasma generation region between them in the center axial 

15 dimension of the discharge electrode. The second high-frequency electric 
power application means are means for applying high-frequency electric 
power to one of the two walls. 

With the plasma generation apparatus described in Claim 16, when 
generating plasma, discharge gas is inducted into the interior of the vacuum 

20 vessel by the gas induction means. When this is done, the atmosphere in 
the interior of the vacuum vessel is exhausted by the exhaust means. Thus 
the interior of the vacuum vessel is established in a reduced pressure state. 
When this is done, moreover, high-frequency electric power is applied to the 
discharge electrode. Thus a high -frequency field is formed that is oriented 

25 in the radial direction of the discharge electrode. In addition, when this is 
so, magnetic force lines are formed in the plasma generation region by the 
magnetic force line formation means. Thus the electrons exhibit magnetron 
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motion. As a result of this magnetron motion, magnetron discharges are 
generated. As a result of these magnetron discharges, plasma is generated. 
In this case, high-frequency electric power is supplied to one of the two 
walls. As a result, a high-frequency electric field is formed facing in the 
5 center axial direction of the discharge electrode. As a consequence, high- 
energy electrons trapped by the magnetic force lines exhibit high-frequency 
oscillation. As a result, discharges are generated that differ from the 
magnetron discharges. As a consequence, plasma generation efficiency can 
be raised higher than it can be with magnetron discharges only. 
10 Comprehended in this apparatus, moreover, are cases wherein there 

are no magnetic force lines which do not intersect with the two walls. In 
such cases, the number of high-energy electrons trapped in the magnetic 
force lines becomes small. As a result, the efficiency of plasma generation 
by magnetron discharge deteriorates. With this apparatus, however, high- 
15 frequency oscillation discharges are obtained. As a result, the decline in the 
efficiency of plasma generation by magnetron discharge is compensated for. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a lateral cross-sectional diagram of a first embodiment of the 
present invention; 

20 Fig. 2 is a lateral cross-sectional diagram of a second embodiment of the 
present invention; 

Fig. 3 is a lateral cross-sectional diagram of a third embodiment of the 
present invention; 

Fig. 4 is a lateral cross-sectional diagram of a fourth embodiment of the 
25 present invention; 

Fig. 5 is a lateral cross-sectional diagram of a fifth embodiment of the 
present invention; 
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Fig. 6 is a lateral cross-sectional diagram of a sixth embodiment of the 
present invention; 

Fig. 7 is a lateral cross-sectional diagram of a seventh embodiment of the 
present invention; 

Fig. 8 is a lateral cross-sectional diagram of an eighth embodiment of the 
present invention; 

Fig. 9 is a table in which the performance of multiple plasma generation 
apparatuses is compared; 

Fig. 10 is a lateral cross-sectional diagram of a plasma generation apparatus 
that does not employ magnetron discharges. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Detailed descriptions of embodiments of the present invention are now 
given, making reference to the drawings. 

A first embodiment is described first, beginning with the configuration 

thereof. 

Fig. 1 is a lateral cross-sectional diagram of the first embodiment of the 
present invention. 

The plasma generation apparatus in this embodiment comprises a 
vacuum vessel 1 1, gas induction unit 12. exhaust unit 13, discharge electrode 
14, two permanent magnets 15 and 16. two walls 17 and 18. a first high- 
frequency oscillator 19, a first matching circuit 20, a second high-frequency 
oscillator 21, a second matching circuit 22, a blocking capacitor 23. a high- 
frequency shielding unit 24. a high-frequency shielding cover 25, and a 
controller 26. 

Here, the vacuum vessel 11 is a vessel having a plasma generation 
region 41 formed in its interior. In other words, this is a vessel that 
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provides a sealed plasma generation space. The gas induction unit 12 is a 
part for inducting discharge gas into the interior of the vacuum vessel 11. 
The exhaust unit 13 is a part for exhausting the atmosphere in the interior of 
the vacuum vessel 11. 

5 The discharge electrode 14 is an electron for forming a high-frequency 

electric field for magnetron discharges. The permanent magnets 15 and 16 
are magnets for forming magnetic force lines 43 for magnetron discharges. 
The two walJr 17 and 18 are walls for defining the scope of the plasma 
generation region 41 in the direction of the center axis 42 of the discharge 

10 electrode 14. These walls 17 and 18 are formed of an electrically conducting 
material. In this case, for example, the lower wall 18 is used as an electrode 
for forming a high-frequency electric field for the high-frequency oscillation 
discharges. Hereinafter, the upper wall 17 is called the top wall 17, and the 
lower wall 18 is called the bottom wall 18. 

15 The first high-frequency oscillator 19 is an oscillator that outputs high- 

frequency electric power for the magnetron discharges. This high-frequency 
oscillator 19 is, for example* connected via the first matching circuit 20 to the 
discharge electrode 14. The matching circuit 20, here, is a circuit for 
matching the first high-frequency oscillator 19 with the discharge electrode 

20 14. 

The second high-frequency oscillator 21 is an oscillator that outputs 
high-frequency electric power for the high-frequency oscillation discharges, 
Thia high-frequency oscillator 2 1 is. for example, connected to one or other of 
the two walls 17 and 18, for example to the bottom wall 18, via the second 
25 matching circuit 22 and the blocking capacitor 23. The matching circuit 22, 
here, is a circuit for matching the second high-frequency oscillator 21 and the 
bottom wall 18. The blocking capacitor 23 is a capacitor for removing the 
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DC component from the high-frequency electric power applied to the bottom 
wall 18. 

The high-frequency shielding unit 24 is a shielding unit for shielding 
the high-frequency electric field that is formed in the plasma generation 
5 region by the discharge electrode 14 and bottom wall 18. The high- 
frequency shielding cover 25 is a cover for shielding the high-frequency 
electric field formed outside the vacuum vessel 11 by the discharge electrode 
14. 

The controller 26 is a control unit that electrically controls the 
10 magnitude of the high-frequency electric power output from the high- 
frequency oscillators 19 and 21 under the control of an operator, for example. 
This controller 26 controls the magnitudes of the two high-frequency power 
levels so as to elicit a predetermined value for the ratio between the two. A 
value may be used, for example, wherewith plasma is obtained having a 
15 uniform density distribution in the axial dimension of the discharge 
electrode 14. 

The vacuum vessel 11 is formed, for example, in a cylindrical shape. 
This vacuum vessel 11 is positioned so that the center axis is vertically 
oriented. The gas induction unit 12 is formed, for example, in a cylindrical 

20 shape. This gas induction unit 12 is provided in the top plate 111 of the 
vacuum vessel 11. The exhaust unit 13 is formed, for example, in a 
cylindrical shape. This exhaust unit 13 is provided in the bottom plate 112 
of the vacuum vessel 11. 

The discharge electrode 14 is formed in a cylindrical shape. This 

25 discharge electrode 14 is positioned so that its axis coincides with the axis of 
the vacuum vessel 1 1. This discharge electrode 14 is also positioned so as to 
enclose the plasma generation region 41. This discharge electrode 14, 
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furthermore, is built into the vacuum vessel 11. More specifically, the 
vacuum vessel 1 1 is divided in two horizontally. The discharge electrode 14 
is inserted between the upper vessel 27 and lower vessel 28 obtained by that 
division. Hereinafter, the upper vessel 27 is called the top vessel 27, and 
the lower vessel 28 is called the bottom vessel 28. In this case, the 
discharge electrode 14 and the top vessel 27 are insulated by a ring-shaped 
insulator 29. Similarly, the discharge electrode 14 and the bottom vessel 28 
are insulated by a ring-shaped insulator 30. The top vessel 27 and bottom 
vessel 28 are also connected to the reference potential point. In the figure, 
this reference potential poxnt represents the point where the electric 
potential is zero, that is. the condition where ground is established. 

The two permanent magnets 15 and 16 are formed as rings. These 
permanent magnets 15 and 16 are positioned coaxiaUy with the vacuum 
vessel 11. These permanent magnets 15 and 16 are positioned so as to 
enclose the discharge electrode 14. In this case, the permanent magnet 15 
is positioned near the upper edge of the discharge electrode 14, whereas the 
permanent magnet 16 is positioned near the lower edge of the discharge 
electrode 14. 

The permanent magnets 15 and 16 are magnetized in the axial 
dimension thereof. In this case, the permanent magnets 15 and 16 are 
magnetized in mutually opposing directions. That is. when, for instance, 
the interior portion of the permanent magnet 15 is the N pole, the exterior 
portion thereof is magnetized as the S pole. Hereinafter, the interior 
portion is called the interior, and the exterior portion is called the exterior. 
In this case, the permanent magnet 16 is magnetized so that its interior is 
the S pole and its exterior is the N pole. Therefore, in the plasma 
generation region 41, magnetic force lines 43 are formed which extend from 
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the interior of the permanent magnet 15 toward the center axis 42 of the 
discharge electrode 14, and thereafter extend toward the interior of the 
permanent magnet 16. These magnetic force lines 43 have portions that 
roughly parallel the center axis 42 of the discharge electrode 14. The 
lengths of these parallel portions become longer the closer they are to the 
center axis 42. In theory, in this case, the magnetic force lines 43, due to 
the interaction between the magnetic force lines 43 output from each portion 
of the permanent magnet 15, at their highest, bend back at the center axis 42 
of the discharge electrode 14. 

The two walls 17 and 18 are formed, for example, as flat circular plates. 
These walls 17 and 18 are positioned so as to sandwich therebetween the 
plasma generation region 41 in the center axis dimension of the discharge 
electrode 14. These walls 17 and 18 are also positioned perpendicular to the 
center axis 42 of the discharge electrode 14. In other words, the walls 17 
and 18 are positioned in the horizontal. The top wall 17 and the vacuum 
vessel 11 are insulated by the insulator 31. Thus this top wall 17 is 
established in an electrically floating state. 

The top wall 17 is used, for example, as a gas diffusion plate for 
diffusing the discharge gas. For t-hia reason, multiple gas diffusion holes 32 
are formed in top wall 17. The bottom wall 18 is used, for example, as a 
susceptor when this apparatus is used in fabricating a plasma surface 
treatment apparatus. That is, it is used as the substrate stage on which the 
substrate is carried. 

The high-frequency shielding unit 24 comprises, for example, two ring- 
shaped metal shielding panels 33 and 34. These metal shielding panels 33 
and 34 are positioned coaxially with the vacuum vessel 11. These metal 
shielding panels 33 and 34 are also positioned between the bottom wall 18 
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and the bottom vessel 28 so as to enclose the bottom wall 18. In this case, 
the metal shielding panels 33 and 34 are positioned so as to be separated by 
a prescribed interval in the dimension of the center axis 42 of the discharge 
electrode 14, Also, the bottom wall 18 and high-frequency shielding unit 24, 

5 are insulated by insulators that are not shown in the drawing. 
Furthermore, the high-frequency shielding unit 24 and the bottom vessel 28, 
are established at the same potential. 

Exhaust holes 35 and 36 are formed in the metal shielding panels 33 
and 34 for exhausting the atmosphere from the plasma generation region 41. 

10 These exhaust holes 34 and 36 are formed so that they do not overlap 
completely. That is, they are formed so that they either overlap partially or 
do not overlap at all. In this manner, they serve in two capacities, namely 
to shield the high-frequency electric field, and to exhaust the atmosphere. 
The high-frequency shielding cover 25 is attached to the outer wall of the 

15 vacuum vessel 11 so as to enclose the discharge electrode 14. 

In the configuration described above, the vacuum vessel 1 1 corresponds 
to the vacuum vessel in the present invention, the gas induction unit 12 
corresponds to the gas induction means therein, and the exhaust unit 13 
corresponds to the exhaust means therein. The discharge electrode 14, 

20 furthermore, corresponds tu the discharge electrode in the present invention, 
the permanent magnets 15 and 16 correspond to the magnetic force line 
formation means therein, and the two walls 17 and 18 correspond to the two 
walls therein. The first high-frequency oscillator 19 and the first matching 
circuit 20 correspond to the first high-frequency power application means in 

25 the present invention, the second high-frequency oscillator 21, the second 
matching circuit 22, and the blocking capacitor 23 correspond to the second 
high-frequency electric power application means therein, and the controller 
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26 corresponds to the control means therein. 

The plasma generation apparatus of this embodiment, furthermore, is 
configured so that the magnetic force lines 43 that pass through the center of 
the plasma generation region 41 are shaped so that they do not intersect the 
5 two walls 17 and 18, This is achieved by, for example, appropriately setting 
the prescribed parameters. These parameters may include, for example, 
the size of the vacuum vessel 11, position, size, and interval (in the 
dimension of the center axis 42 of the discharge ele trode 14) of the 
permanent magnets 15 and 1G, and the position and interval (in the 
10 dimension of the center axis 42 of the discharge electrode 14) of the walls 17 
and 18. The non-intersecting configuration described in the foregoing can 
be implemented by, for example, suitably setting any one or any plurality of 
these parameters. 

The plasma generating action in the configuration described in the 
15 foregoing is now described. 

The plasma generation action by magnetron discharges is first 
described. 

In this embodiment, when plasma is generated, discharge gas is 
inducted into the interior of the vacuum vessel 11 by the gas induction unit 
20 12. This discharge gas is diffused uniformly throughout the plasma 
generation region 41 by the plurality of gas diffusion holes 32 formed in the 
top wall 17. 

In this case, the atmosphere in the interior of the vacuum vessel 11 is 
exhausted by the exhaust unit 13. Thus the interior of the vacuum vessel 
25 1 1 is established in a reduced pressure state. In this case, the atmosphere 
in the plasma generation region 41 is exhausted via the exhaust holes 35 and 
36 formed in the metal shielding panels 33 and 34. 
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In this case, high -frequency electric power is applied to the discharge 
electrode 14 from the high-frequency oscillator 19 through the matching 
circuit 20, Thus a high-frequency electric field is formed at the surface of 
the discharge electrode 14 facing the plasma generation region 41. 
5 In this case, furthermore, magnetic force lines 43 are formed by the 

permanent magnets 15 and 16. These magnetic force lines 43, as discussed 
already, have portions that roughly parallel the center axis of the discharge 
electrode 14. Thus a high-frequency electric field and magnetic field that 
arc roughly perpendicular are formed in the plasma generation region 41. 

10 As a result, electrons are trapped in the magnetic force lines 43 in the 
vicinity of the discharge electrode 14 and exhibit magnetron motion. 
Due to this magnetron motion, the electrons are accelerated, and the 
discharge gas is made to discharge. These magnetron discharges cause 
plasma to be generated in the plasma generation region R. 

15 Next, the action of producing plasma by high-frequency oscillation 

discharges is described. 

When plasma is generated in this embodiment, high-frequency electric 
power is also applied to the bottom wall 18, from the high-frequency 
oscillator 21, via the mixing circuit 22 and blocking capacitor 23. A high- 

20 frequency electric field is thereby formed that is oriented in the direction of 
the center axis 42 of the discharge electrode 14 in the plasma generation 
region 41. As a result, the high-energy electrons trapped in the magnetic 
force lines 43 are made to oscillate at high frequency in the direction of the 
center axis 42. The high-energy electrons are heated by this high-frequency 

25 oscillation. This heating causes the discharge gas to discharge. The 
resulting high-frequency oscillation discharges generate plasma in the 
plasma generation region 41. This plasma is hereinafter called the second 
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plasma. 

Next, the first plasma density is discussed. 

The plasma density mentioned above is dependent on the magnetron 
discharge generation efficiency. This magnetron discharge generation 
5 efficiency, in turn, is dependent on the strengths of the high-frequency 
electric field formed by the discharge electrode 14 and the strengths and 
shapes of the magnetic field formed by the permanent magnets 15 and 16. 
The high-frequency electric field and the magnetic field become stronger at 
the periphery than in the center of the plasma generation region 41. This is 

10 because the periphery of the plasma generation region 41 is closer to the 
discharge electrode 14 and to the permanent magnets 15 and 16 than is the 
center thereof. Therefore, the magnetron discharge generation efficiency 
becomes higher at the periphery of the plasma generation region 41 than in 
the center thereof. As a consequence, the density of the first plasma 

15 becomes higher ?t the periphery of the plasma generation region 41 than in 
the center. 

The magnetron discharge generation efficiency, however, is dependent 
not only on the intensities of the high-frequency electric field and magnetic 
field, respectively, but also on the number of high -energy electrons trapped 

20 in the magnetic force lines 43. The number of these high-energy electrons 
becomes larger if the magnetic force lines 43 do not intersect the walls 17 
and 18. This is so because, when the magnetic force lines 43 do intersect 
the walls 17 and 18, the high-energy electrons trapped in these magnetic 
force lines 41 flow out via the walls 17 and 18. 

25 In this embodiment, the magnetic force lines 43 that pass through the 

center of the plasma generation region R are established so that they do not 
intersect the walls 17 and 18. Thus the outflow of high-energy electrons in 
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the center of the plasma generation region 41 is suppressed. As a result, 
magnetron discharge generation efficiency is raised in the center just as at 
the periphery. Thus the first plasma generation efficiency is raised in the 
center just as at the periphery. As a consequence, high-density first plasma 
5 is obtained in the center just as at the periphery. 
Next, the second plasma density is discussed. 

The density of the second plasma is dependent on the high-frequency 
oscillation discharge generation efficiency. This generation efficiency, in 
turn, is dependent on the lengths of those portions of the magnetic force lines 

10 43 which are roughly parallel to the center axis 42 of the discharge electrode 
14. In other words, if the lengths of those parallel portions become longer* 
the high-frequency oscillation discharge generation efficiency rises, and if 
those lengths become shorter, that efficiency declines. This is so because, 
when the lengths of the parallel portions become long, so does the distance 

15 over which the high-energy electrons can exhibit accelerated motion. 

In this embodiment, the lengths of the parallel portions are longer in 
the center of the plasma generation region 41 than at the periphery. Thus 
the high-frequency oscillation discharge generation efficiency is higher in the 
center of the plasma generation region 41 than at the periphery thereof. As 

20 a consequence, the density of the second plasma is higher in the center of the 
plasma generation region 41 than at the periphery. 

Thus it is seen that, when high-frequency oscillation discharges are 
generated, as compared to when they are not generated, the density of the 
plasma in the center of the plasma generation region 41 can be raised higher. 

25 Next, plasma density control is discussed. 

The density of the first plasma , as discussed in the foregoing, is 
dependent on the strength of the high-frequency electric field formed by the 
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discharge electrode 1 4. This strength of the high-frequency electric Held, in 
turn, is dependent on the magnitude of the high-frequency electric power 
output from the first high-frequency oscillator 19. This high-frequency 
power magnitude is controlled by the controller 26, under the control of an 
5 operator. Thus the density of the first plasma is controlled by controlling 
this high-frequency power magnitude, under the control of an operator. 

The density of the second plasma is dependent on the strength of the 
high-fiequency electric field formed by the bottom wall 18. This high- 
frequency electric field strength, in turn, is dependent on the magnitude of 
the high-frequency electric power output from the second high-frequency 
oscillator 2 1. This high-frequency electric power magnitude is controlled by 
the controller 26, under the control of an operator. Thus the density of the 
second plasma is controlled by controlling this high-frequency electric power 
magnitude, under the control of an operator. 
15 The density of the first plasma, as explained above, becomes higher at 

the periphery of the plasma generation region 41 than in the center thereof. 
On the contrary, the density of the second plasma, as also explained above, 
becomes higher in the center of the plasma generation region 42 than at the 
periphery. Accordingly, by appropriately controlling the magnitudes of the 
20 two high-frequency electric power levels, as noted above, it is possible to 
obtain plasma having a uniform density distribution throughout the entire 
plasma generation region 41. 

The ratio between the two high-frequency electric power levels when 
plasma exhibiting a uniform density distribution is obtained is roughly 
25 constant, irrespective of the plasma density. In this embodiment, therefore, 
this fact having been duly noted, when two high-frequency electric power 
magnitudes are controlled, that control is effected so that the ratio between 
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the two becomes a predetermined value. Therefore, when the magnitude of 
one of the two high-frequency power levels is designated by an operator, the 
magnitude of the other power level is automatically adjusted. As a result, 
plasma can be obtained which always exhibits a uniform density distribution 
5 throughout the entire plasma generation region 41. 

Next, the differences between the plasma generation method using the 
walls 17 and 18 and the plasma generation method using conventional 
parallel plate electrodes are discussed. 

The walls 17 and 18 in this embodiment have roughly the same shape 
10 as conventional parallel plate electrodes. Nevertheless, the method of 
generating plasma (second plasma) by the walls 17 and 18 differs from the 
plasma generation method by conventional parallel plate electrodes. 

That is, with the plasma generation method using conventional parallel 
plate electrodes, the plasma is mainly generated, by secondary electrons 
15 output by tLe impact of ions on the surface of the plate electrodes, after the 
ions have been accelerated by the sheath voltage of the plate electrodes, by 
electron heating caused by high-frequency fluctuations in the sheath voltage, 
and by electron heating caused by the ohmic resistance of the plasma. 

In contrast, in the method of generating plasma using the walla 17 and 
20 18, the plasma is generated by electron heating caused by the high-frequency 
oscillation of high-energy electrons trapped in the magnetic force lines 43. 

With the plasma generation method based on conventional plate 
electrodes, when the discharge gas pressure is high, it is possible to generate 
plasma having somewhat high density. When the gas pressure is low, 
25 however, high-density plasma cannot be generated. By a high gas pressure 
is here meant a gas pressure of 1 Torr or higher, for example. By a low gas 
pressure is meant a gas pressure of 30 m Torr or lower, for example. 
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In this embodiment, however, magnetic force lines 43 are formed which 
do not intersect the walls 17 and 18. Thus high-energy electrons are 
efficiently trapped in the magnetic force lines 43. As a result, high-density 
plasma can be generated even when the gas pressure is as low as 1 mTorr. 
5 The benefits of this embodiment are now discussed. 

This embodiment* as described in the foregoing, provides the following 
benefits. 

Firstly, when this embodiment is implemented, magnetic force lines 43 
that pass through the center of the plasma generation region 41 are 
10 established so that they do not intersect the walls 17 and 18. Because this 
is so, magnetron discharge generation efficiency can be raised in the center 
of the plasma generation region 41 just as at the periphery thereof As a 
consequence, high-density first plasma can be generated in the center just as 
at the periphery. Incidentally, with this embodiment, using the same 
15 magnitude of high-frequency electric power applied to the discharge 
electrode 14 as in the apparatus described in the literature cited above, the 
density of the first plasma can be raised by a factor of 10. 

When this embodiment is implemented, moreover, the two walls 17 and 
18 are formed of a material exhibiting electrical conductivity. Therefore, 
20 using these walls 17 and 18. the density of the second plasma can be 
electrically controlled. 

When this embodiment is implemented, furthermore, high-frequency 
electric power is applied to the bottom wall 18. Thus it is possible to 
generate high-frequency oscillation discharges. As a result, the density of 
25 the plasma in the center of the plasma generation region 41 can be raised 
even higher than when these discharges are not generated. 

When this embodiment is implemented* moreover, the top wall 17 is 
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established in an electrically floating state. Thus it is possible to lower the 
sheath voltage in the surface of this top wail 17. As a result, it is possible to 
reduce the metal contamination in the top wall 17 that is caused by the 
sheath voltage. 

5 When this embodiment is implemented, furthermore, the high- 

frequency electric power applied to the discharge electrode 14 and the high- 
frequency electric power applied to the top wall 18 are output from separate 
high-frequency oscillators 19 and 21. Thus the magnitudes of the two high- 
frequency electric power levels can be set independently. As a result, the 

10 densities of the first and second plasma, respectively, can be set 
independently. Thus it is possible to establish uniform plasma density 
distribution in the axial direction of the discharge electrode 14. 

When this embodiment is implemented, moreover, a controller 26 is 
provided for controlling the magnitudes of the high-frequency electric power 

15 output from the high-frequency oscillators 19 and 21. Thus the densities of 
the first and second plasmas, respectively, can be controlled. As a 
consequence, it is possible to control the plasma density distribution in the 
axial dimension of the discharge electrode 14. 

When this embodiment is implemented, furthermore, when the 

20 magnitudes of the two high-frequency electric power levels are controlled, 
they are controlled so that the ratio between the two is always at a 
predetermined value. Thus the prescribed plasma density distribution can 
be effected continually in the radial dimension of the discharge electrode 14. 
Also, the work load on the operator when controlling high-frequency electric 

25 power magnitudes can be reduced. 

When this embodiment is implemented, moreover, the two walls 17 and 
18 are provided as dedicated walls instead of being the top plate 111 and 
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bottom plate 112 of the vacuum vessel 11. Thus the top wall 17 can be 
utilized as a gas diffusion plate for diffusing the discharge gas. Also, when 
the plasma generation apparatus of this embodiment is used in configuring a 
plasma surface treatment apparatus, the bottom wall 18 can be used as a 
susceptor for carrying substrates. 

A modification of this embodiment is now described. 
In the foregoing description, a case is described wherein the top wall 17 
is established in an electrically floating state. In this embodiment, however, 
this may be fashioned so that it is connected to ground. In this 
configuration also, the average plasma space potential can be made smaller. 
Thus it is possible to suppress metal contamination caused by other ground 
electrode. 

Fig. 2 is a lateral cross-sectional diagram representing the 
configuration of the second embodiment of the present invention. In the 
15 apparatus diagrammed in Fig. 2, the same reference characters are used to 
designate configurational elements having virtually the same function as 
those in the apparatus diagrammed in Fig, 1. and no detailed description of 
those elements is given here. This applies also to the third and following 
embodiments described subsequently. 

In the first embodiment, high-frequency electric power is applied to the 
bottom wall 18. In this embodiment, however, as diagrammed in Fig. 2. 
high-frequency electric power is applied to the top wall 17, and the bottom 
wall 18 is connected to ground. 

With this configuration, while obtaining virtually the same benefits as 
in the previous embodiment, the following benefits are also obtained. 

That is, when this embodiment is implemented, the bottom wall 18 is 
connected to ground. Therefore, the sheath voltage on the surface of the 
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bottom wail 18 can be made lower. As a result, damage done to the bottom 
wall 18 by the sheath voltage can be reduced. 

Furthermore, when this apparatus is used in fabricating a plasma 
surface treatment apparatus, the sheath voltage on the surface of the 
5 substrate carried on the bottom wall 18 can be made lower. As a 
consequence, damage done to the substrate by the sheath voltage can be 
reduced. 

A third embodiment will now be described. 

Fig. 3 is a lateral cross-sectional diagram representing the 
10 configuration of the third embodiment of the present invention. 

In the second embodiment, as described above, the bottom wall 18 is 
grounded. In this third embodiment, however, as diagrammed in Fig. 3, the 
bottom wall 18 is established in an electrically floating state. 

When this configuration is effected, the sheath voltage on the surface of 
15 the bottom wall 18 and substrate can be reduced even further than with the 
second embodiment. Thus damage done to the bottom wall 18 and 
substrates by the sheath voltage can be reduced even further. 
A fourth embodiment is now described. 

Fig. 4 is a lateral cross-sectional diagram representing the 
20 configuration of the fourth embodiment of the present invention. 

In the first, second, and third embodiment, as described, when high- 
frequency electric power is applied to the top wall 17 or the bottom wall 18, it 
is applied using the high-frequency oscillator 21. In other words, in the 
embodiments described, the power is applied using a high-frequency power 
25 supply that itself is capable of outputting the high-frequency power. In this 
fourth embodiment, however, as diagrammed in Fig. 4, this power is applied 
using a high-frequency oscillator circuit 51. 
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This high-frequency oscillator circuit 51 is configured so as to resonate 
with the high-frequency electric power output from the high-frequency 
oscillator 19 for use by the discharge electrode 14. This high-frequency 
oscillator circuit 51, furthermore, comprises a variable capacitor 52 , coil 53, 
and distributed capacitance 54, for example. The variable capacitor 52 here 
is a capacitor for adjusting the resonant frequency. This series circuit is 
inserted between the top wall 17 and ground. The distributed capacitance 
54 is the distributed capacitance that is formed between the upper wall 17 
and ground. In Fig. 4, this distributed capacitance is represented as a 
single capacitor for convenience. 

In this embodiment, no second high-fcequency oscillator 21 is provided. 
For that reason, the controller 26 controls only the magnitude of the high- 
frequency electric power output from the high-frequency oscillator 19. 

In such a configuration as this, the high-frequency oscillator circuit 51 
resonates with the high-frequency electric power applied to the discharge 
electrode 14 from the high-frequency oscillator 19. Thr? high-frequency 
electric power is also applied from the high-frequency oscillator 19 to the top 
wall 17 via the high-frequency oscillator circuit 51. 

With such a configuration as this, only one high-frequency oscillator 
need be used. Thus the circuitry of the apparatus can be made simpler, and 
circuit fabrication costs reduced. 

In Pig. 4, the bottom wall 18 is diagrammed as grounded. In this 
embodiment, however, it is also permissible to put the bottom wall 18 in an 
electrically floating state as in the third embodiment. 

In Fig, 4, furthermore, the high-frequency oscillator circuit 51 is 
diagrammed as connected to the top wall 17. However, in this embodiment, 
the high-frequency oscillator circuit 51 may be connected to the bottom wall 
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18 as in the first embodiment. 

A fifth embodiment is now described. 

Fig. 5 is a lateral cross-sectional diagram representing the 
configuration of the fifth embodiment of the present invention. 

5 In the first to the fourth embodiment, as described, high-frequency 

electric power is applied to one or other of the two walls 17 and 18. In this 
fifth embodiment, however, both of the walls 17 and 18 are grounded, as 
diagrammed in Fig. 5. In this embodiment, furthermore, no high-frequency 
electric power is applied, so the controller 26 is unnecessary, 

10 When such a configuration as this is implemented, the sheath voltage 

on the surface of the walls 17 and 18 can be made smaller. When this is 
done, the damage done to the walls 17 and 18 by the sheath voltage can be 
reduced. Similarly, when the bottom wall 18 is used as a susceptor, the 
damage done to the substrates by the sheath voltage can also be reduced. 

15 A sixth embodiment is now described. 

Fig. 6 is a lateral cross-sectional diagram representing the 
configuration of the sixth embodiment of the present invention. 

In the fifth embodiment, both of the walls 17 and 18 are described as 
being grounded. In this sixth embodiment, however, the top wall 17 is 

20 establ i s h ed in an electrically floating state, as diagrammed in Fig. 6. 

When such a configuration as this is effected, the sheath voltage on the 
surface of the top wall 17 can be made smaller than it can be in the fifth 
embodiment. Thus using this embodiment, it is possible to further reduce 
contamination by metal from the top wall 17 caused by the sheath voltage. 

25 A seventh embodiment is now described. 

Fig, 7 is a lateral cross-sectional diagram representing the 
configuration of the seventh embodiment of the present invention. 
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In the sixth embodiment, as described, only the top wall 17 is 
established in an electrically floating state. In this seventh embodiment, 
however, the bottom wall 18 is also established in an electrically floating 
state, as diagrammed in Fig. 7. 

When such a configuration as this is effected, the sheath voltage on the 
surface of the bottom wall 18 or substrates can be made smaller. Thus it is 
possible to reduce the damage done to the bottom wall 18 or substrates by 
the sheath voltage. 

An eighth embodiment is now described. 

Fig. 8 is a lateral cross-sectional diagram representing the 
configuration of the eighth embodiment of the present invention. 

In the first to the seventh embodiment, as described, the positions of 
the two walls 17 and 18 are fixed. By the positions of the two walls 17 and 
18 is here meant the positions in the dimension of the center axis 42 of the 
15 discharge electrode 14 (and so hereinafter). In this eighth embodiment, 
however, as diagrammed iii Fig. 8, a position adjustment unit 55 capable of 
adjusting the position of the top wall 17 and a position adjustment unit 56 
capable of adjusting the position of the bottom wall 18 are provided. 

A wide variety of configurations are possible for these position 
adjustment units 55 and 56. In one possible configuration, for example, the 
walls 17 and 18 are each held by a sliding mechanism whereby the walls 17 
and 18 can be made to slide in the dimension of the center axis 42 of the 
discharge electrode 14. In another possible configuration, the walls 17 and 
18 are each held by an elevator mechanism whereby the walla 17 and 18 can 
25 be driven so as to rise or descend in the dimension of the center axis 42 of the 
discharge electrode 14. In Fig. 8 the position adjustment units 55 and 56 
are represented conceptually. 
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When auch a configuration as this is effected, after assembling the 
apparatus, the positions of the two walls 17 and 18 can be adjusted. Thus, 
after assembling the apparatus, magnetic force lines 43 can be formed such 
as do not intersect the two walls 17 and 18, thereby making it easy to form 

5 such magnetic force lines 43. 

When such a configuration as this is effected, furthermore, the 
positions of the two walls 17 and 18 can be adjusted independently, thereby 
rendering the position adjustment operation simple. 
A ninth embodiment of the present invention is now described. 

10 The external configuration of this ninth embodiment is, for example, 

the same in form as the first embodiment. The difference therebetween lies 
in the relationship between the magnetic force lines 43 and the two walls 17 
and 18. 

That is, in the first embodiment, as described, the magnetic force lines 
15 43 are formed so that they do not intersect the two walla 17 and 18 over the 
entire plasma generation region 41. In this ninth embodiment, however, 
such magnetic force lines 43 are formed only at the periphery of the plasma 
generation region 41, with none being formed in the center thereof. 

With this configuration also it is possible to generate high-density 
20 plasma in the center of the plasma generation region. This is because it is 
possible to make the high-energy electrons trapped in the magnetic force 
lines 43 to exhibit high-frequency oscillation. 

That is, in this embodiment, in the center of the plasma generation 
region 41, all of the magnetic force lines 43 intersect the two walls 17 and 18. 
25 Thus, in this portion, the number of high-energy electrons trapped in the 
magnetic force lines becomes small. As a result, in this portion, the first 
plasma generation efficiency declines. 
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In this embodiment, however, high-frequency electric power is applied 
to the bottom wall 18. Thus the high-energy electrons trapped in the 
magnetic force lines 43 are made to exhibit high-frequency oscillation. As a 
result, second plasma is generated. The second plasma generation 
5 efficiency is higher in the center of the plasma generation region 41 than at 
the periphery thereof. Thus the decline in the first plasma generation 
efficiency in the center of the plasma generation region 41 is compensated for 
by the second plasma. As a consequence, high-density plasma can be 
generated also in the center of the plasma generation region 43. 

10 In the description given above, a case is described wherein this 

embodiment is applied to the apparatus diagrammed in Fig. 1. However, so 
long aa it is an apparatus configured such that high-frequency electric power 
is applied to one of the two walls 17 and 18, this embodiment may also be 
applied to apparatuses other than the one diagrammed in Fig. 1. 

15 Accordingly, this embodiment may also be applied to the apparatuses 
diagrammed in Fig. 2, 3, and 4. 

Performance comparisons are now made. 

Fig. 9 is a table in which the performance of multiple plasma 
generation apparatuses is compared. 

20 The plurality of plasma generation apparatuses here compared 

includes the plasma generation apparatus in the first embodiment (i.e, the 
apparatus diagrammed in Fig. 1), the plasma generation apparatus in the 
fourth embodiment (i.e. the apparatus diagrammed in Fig. 4), the plasma 
generation apparatus in the sixth embodiment (i.e. the apparatus 

25 diagrammed in Fig. 6), and a plasma generation apparatus wherein 
magnetron discharges are not used. 

The plasma generation apparatus wherein magnetron high-frequency 
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discharges are not used that is compared here is the apparatus diagrammed 
in Fig. 10, The apparatus diagrammed therein is the apparatus 
diagrammed in Fig. 2 with the discharge electrode 14 removed. With such a 
configuration as this, only the second plasma is generated by the high- 
5 frequency oscillations of the high -energy electrons trapped in the magnetic 
force lines 43. 

The performance categories compared include the plasma generation 
efficiency, the plasma density distribution controllability, how large the 
caliber of the apparatus becomes, and the apparatus cost, as seen in Fig. 9. 
10 The plasma generation efficiency here represents the degree to which high 
plasma density is realized. The plasma density distribution controllability 
represents the degree of difficulty in realizing uniform plasma density 
distributions. How large the caliber of the apparatus becomes represents 
the ability of the apparatus to handle substrates of large diameter. 
15 Performance is indicated by three symbols, namely a double circle, 

circle, and triangle. Here the double circle indicates the best performance, 
the circle indicates the second best performance, and the triangle represents 
the third best performance. 

Plasma generation efficiencies are now compared. 
20 As may be seen in Fig. 9, the plasma generation efficiency is higher in 

the apparatuses diagrammed in Fig. 1 and 4 than in the apparatuses 
diagrammed in Fig, 6 and 10. The reason for this is that, in the 
apparatuses diagrammed in Fig. I and 4, first plasma and second plasma are 
generated, whereas in the apparatus diagrammed in Fig, 6, only first plasma 
25 is generated, and in the apparatus diagrammed in Fig. 10, only second 
plasma is generated. The plasma generation efficiency is higher in the 
apparatus diagrammed in Fig. 1 than in the apparatus diagrammed in Fig. 4, 
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This is because the efficiency with which high-frequency electric power is 
applied to the top wall 17 or bottom wall 18 is higher in the apparatus 
diagrammed in Fig. l than in the apparatus diagrammed in Fig. 4. 

Incidentally, if we represent the plasma generation efficiency of the 
5 apparatus diagrammed in Fig. 6 as 1. the plasma generation efficiency of the 
apparatus diagrammed in Fig. 1 is 4 or higher, and the plasma generation 
efficiency of the apparatus diagrammed in Fig. 4 is 4. Thus the plasma 
density is higher in the apparatus diagrammed in Fig. 4 than in the 
apparatuses diagrammed in Fig. 6 and 10, and higher still in the apparatus 

10 diagrammed in Fig. 1. 

Plasma density distribution controllability is now compared. 
Plasma density distribution controllability is expressed as the range 
through which the plasma density distribution can be electrically controlled. 
This range is broader in the apparatus diagrammed in Fig. 1 than in the 

15 apparatus diagrammed in Fig. 4. The reason for this is that, with the 
apparatus diagrammed in Fig. i, the first and second plasma densities can 
be controlled independently, whereas with the apparatus diagrammed in Fig. 
4, these densities cannot be independently controlled. Consequently, the 
degree of difficulty in achieving uniform plasma density distribution is lower 

20 in the apparatus diagrammed in Fig. 1 than in the apparatus diagrammed in 
Fig. 4. 

In the apparatuses diagrammed in Fig. 6 and 10. furthermore, plasma 
density is higher than in the conventional apparatus, and the plasma density 
distribution is more uniform. In these apparatuses, however, the plasma 
25 density distribution cannot be electrically controlled. This is so because only 
the density of the first plasma is controlled in the apparatus diagrammed in 
Fig. 6, and only the density of the second plasma is controlled in the 
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apparatus diagrammed in Fig. 10. 

Apparatus caliber enlargement is now compared. 

Apparatus caliber enlargement is expressed in terms of how large the 
aperture diameter is. This larger caliber size is easier to implement in the 
apparatus diagrammed in Fig. 4 than in the apparatuses diagrammed in Fig. 
S and 10. This is due to the fact that, whereas in the latter it is not possible 
to electrically control the plasma density distribution, in the former it is 
possible to do so. The larger caliber size is also easier to implement in the 
apparatus diagrammed in Fig. 1 than in the apparatus diagrammed in Fig. 4. 
This is because plasma density distribution controllability is better in the 
former than in the latter. Therefore, in terms of handling larger and larger 
substrate diameters, the apparatus diagrammed in Fig. 4 is better than the 
apparatuses diagrammed in Fig. 6 and 10, and the apparatus diagrammed in 
Fig. 1 is better still. 
15 Apparatus cost is now compared. 

Apparatus cost is expressed in terms of how inexpensive an apparatus 
is. The cost of all these apparatuses is low. Among them, however, the 
apparatuses diagrammed in Fig. 4, 6, and 10 are less expensive than the 
apparatus diagrammed in Fig. 1. This is due to the fact that, whereas only 
20 one high-frequency oscillator is provided in the former apparatuses, two are 
provided in the latter apparatus. 

Nine embodiments are described in detail in the foregoing. The 
present invention, however, is in no way limited to those embodiments. 

For example, the embodiments are described above aa having two walls 
25 17 and 18 formed of a material exhibiting electrical conductivity. In the 
present invention, however, these may be formed of materials exhibiting 
insulative properties. When this is done, with such a configuration as this, 
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it is possible to eliminate metal contamination from the walls 17 and 18. 

The foregoing- embodiments are described, moreover, as having the 
walls 17 and 18 positioned horizontally, and as having the discharge 
electrode 14 positioned vertically. In the present invention, however, the 
5 walls 17 and 18 may be positioned vertically and the discharge electrode 14 
positioned horizontally. 

In the foregoing embodiments, furthermore, the walls 17 and 18 are 
described as being provided separately from the top plate 111 and bottom 
plate 112. In the present invention, however, the top plate 111 and bottom 
10 plate 1 12 may be used as the walls 17 and 18, respectively. 

Needless to say, the present invention can be variously modified in 
other ways so long as the essential idea thereof is not departed from. 
The benefits of the present invention are now discussed. 

When the plasma generation apparatus cited in Claim 1 above is 
15 implemented, the magnetic force lines that pass through the center of the 
plasma generation region are established so that they do not intersect the 
two walls. Thus high-density plasma can be generated at the center of the 
plasma generation region as well as at the periphery thereof. 

When the plasma generation apparatus cited in Claim 2 is 
20 implemented, the two walls in the apparatus cited in Claim 1 are formed of a 
material exhibiting electrical conductivity. It is thus possible to electrically 
control plasma density using these walls. 

When the plasma generation apparatus cited in Claim 3 is 
implemented, high-frequency electric power is applied to one of the two walls 
25 in the apparatus cited in Claim 2. It is thus possible to improve plasma 
generation efficiency in the center of the plasma generation region. 

When the plasma generation apparatus cited in Claim 4 is 
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implemented, the other of the two walls in the apparatus cited in Claim 3 is 
connected to a reference potential point. Thus it is possible to reduce metal 
contamination from the other electrode surface connected to the reference 
potential point. 

When the plasma generation apparatus cited in Claim 5 is 
implemented, the other of the two walls in the apparatus cited in Claim 3 is 
established in an electrically floating state. It is thus possible to reduce the 
damage done to that other wall of the two walls by the sheath voltage. 

When the plasma generation apparatus cited in Claim 6 is 
implemented, the other of the two walls is used as a holder for holding the 
object being treated in the apparatus cited in Claim 4 or 5. It is thus 
possible to reduce the damage done to the object being treated by the sheath 
voltage. 

When the plasma generation apparatus cited in Claim 7 is 
implemented, the high-frequency electric power applied to the discharge 
electrode and the high-frequency electric power applied to one of the two 
walls are output from separate high-frequency electric power supplies* It is 
thus possible to establish the magnitudes of these two high-frequency 
electric power levels independently. As a consequence, it is possible also to 
establish a uniform plasma density distribution in the radial dimension of 
the discharge electrode. 

When the plasma generation apparatus cited in Claim 8 is 
implemented, the high-frequency electric power on one of the two walls in 
the apparatus cited in Claim 3 is applied from the discharge electrode high- 
frequency electric power supply via a high-frequency resonant circuit. It is 
thus possible to limit the number of high-frequency power supplies to one. 

When the plasma generation apparatus cited in Claim 9 is 
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implemented, both of the two walls in the apparatus cited in Claim 2 are 
connected to the reference potential point. It is thus possible to reduce the 
damage done to the two walls by the sheath voltage. 

When the plasma generation apparatus cited in Claim 10 is 
5 implemented, a controller is provided for controlling the magnitude of the 
high-frequency electric power applied to the discharge electrode in the 
apparatus cited in Claim 1. It is thus possible to control the density of the 
first plasma. 

When the plasma generation apparatus cited in Claim 11 is 

10 implemented, a controller or controllers are provided for controlling the 
magnitude of the high-frequency electric power output from the first and 
second high-frequency electric power supplies. It is thus possible to control 
the densities of the first and second plasmas. As a result, it is possible to 
control the plasma density distribution in the radial dimension of the 

1 5 disch arge electrode . 

When the plasma generation apparatus cited in Claim 12 is 
implemented, in cases where the magnitudes of the high-frequency electric 
power output from the first and second high-frequency electric power 
supplies are controlled, in the apparatus cited in Claim 11, that control is 

20 effected so that the ratio between the two power levels is always a 
predetermined value. It is thus possible, when controlling plasma density, 
to effect such control so that the prescribed plasma density distribution is 
always maintained. It is also possible to reduce operator work load when 
controlling the magnitude of the high-frequency electric power. 

25 When the plasma generation apparatus cited in Claim 13 is 

implemented, by controlling the magnitude of the high-frequency electric 
power applied to the discharge electrode in the apparatus cited in Claim 8, 
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the magnitude of the high-frequency electric power applied to one of the two 
walla can be controlled automatically. It is thus possible to reduce the 
operator work load when controlling the magnitude of the high-frequency 
electric power. 

5 When the plasma generation apparatus cited in Claim 14 is 

implemented, the positions of the two walls in the apparatus cited in Claim 1 
can be adjusted. Thus it is possible, after assembling the apparatus, to 
form the magnetic force lines so that they do not intersect the two walls. It 
therefore becomes easy to form such magnetic force lines* 

10 When the plasma generation apparatus cited in Claim 15 is 

implemented, one of the two walls is used as a diffusion plate in the 
apparatus cited in Claim 1. It is thus possible to diffuse the discharge gas 
uniformly in the plasma generation region. Furthermore, the other of the 
two walls is used as a holder for the object being treated when performing 

15 prescribed treatments on objects being treated using plasma. It is thus 
possible, * 'hen configuring a plasma treatment apparatus using this 
apparatus, to keep the configuration simple. 

When the plasma generation apparatus cited in Claim 16 is 
implemented, high-frequency electric power is supplied to one of the two 

20 walls. It is thus possible to generate high -frequency oscillation discharges 
in addition to magnetron discharges. As a consequence, even when there 
are no magnetic force lines that do not intersect the two walls, it is possible 
to generate high-density plasma in the center of the plasma generation 
region. 
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What la Claimed Is: 

1. A plasma generation apparatus comprising: 
a vacuum vessel having a plasma generation region established in the 
interior thereof; 

5 gas induction means for inducting discharge gas into said interior of said 
vacuum vessel; 

exhaust means for exhausting the atmosphere in the in the interior of said 
vacuum vessel; 

a cylindrical discharge electrode fashioned so as to enclose said plasma 
10 generation region; 

first high-frequency electric power application means for applying high- 
frequency electric power to said discharge electrode; 

magnetic force line formation means for forming magnetic force lines having 
portions roughly parallel to center axis of said discharge electrode* such that 
15 the length of said parallel portions becomes longer the closer said magnetic 
force lines are to said center axis; and 

two walls positioned so as to sandwich said plasma generation region 
between them, in dimension of said center axis of said discharge electrode, 
for defining the scope of said plasma generation region in said center axial 

20 dimension; wherein 

said magnetic force lines that pass through center of said plasma generation 
region are shaped so that they do not intersect said two walls. 
2. The plasma generation apparatus according to Claim 1, wherein said 
two walls are formed of a material exhibiting electrical conductivity. 

25 3. The plasma generation apparatus according to Claim 2, comprising 
second high-frequency electric power application means for applying high- 
frequency electric power to one of said two walls. 
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4. The plasma generation apparatus according to Claim 3, wherein the 
other of said two walls is connected to a reference potential point. 

5. The plasma generation apparatus according to Claim 3, wherein the 
other of said two walls is established in an electrically floating state. 

5 6. The plasma generation apparatus according to Claim 4 or 5, wherein, 
when said plasma is used in subjecting objects to be treated to prescribed 
treatments, the other of said two walls is used as a holder for holding said 
objects to be treated. 

7. The plasma generation apparatus according to Claim 3, wherein said 
10 first high-frequency electric power application means comprises a first high- 
frequency electric power supply for outputting said high-frequency electric 
power applied to said discharge electrode and said second high-frequency 
electric power application means comprises a second high-frequency electric 
power supply for outputting said high-frequency electric power applied to 

15 one of said two walls. 

8. The plasma generation apparatus according to Claim 3, wherein said 
first high-frequency electric power application means comprises a high- 
frequency power supply for outputting the high-frequency electric power 
applied to said discharge electrode ; and said second high-frequency electric 

20 power application means comprises a high-frequency resonant circuit for 
resonating with the high-frequency electric power output from said high- 
frequency electric power supply. 

9. The plasma generation apparatus according to Claim 2, wherein both 
of said two walls are connected to a reference potential point. 

25 10. The plasma generation apparatus according to Claim 1, comprising 
control means for controlling magnitude of high-frequency electric power 
applied to said discharge electrode from said first high-frequency electric 
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power application means. 

11. The plasma generation apparatus according to Claim 7, comprising 
control means for controlling magnitude of high-frequency electric power 
output from said first and second high-frequency electric power supplies. 
5 12. The plasma generation apparatus according to Claim 11, wherein 
said control means are configured so that, when controlling magnitudes of 
high-frequency electric power output from said first and second high- 
frequency electric power supplies, effect said control so that the ratio 
between them is always a predetermined value. 
10 !3- The plasma generation apparatus according to Claim 8, comprising 
control means for controlling magnitude of high-frequency electric power 
output from said high-frequency electric power supply. 

14. The plasma generation apparatus according to Claim 1, comprising 
position adjustment means for adjusting positions of said two walls in 

15 dimension of center axis of said discharge electrode. 

15. The plasma generation apparatus according to Claim 1, wherein one 
of said two walls is used as a gas diffusion plate for diffusing said discharge 
gas in said plasma generation region, and the other of said two walls, when 
said plasma is used in subjecting objects being treated to prescribed 

20 treatments, is used as a holder for holding said objects being treated. 

16. A plasma generation apparatus comprising: 

a vacuum vessel having a plasma generation region established in the 
interior thereof; 

gas induction means for inducting discharge gas into said interior of said 
25 vacuum vessel; 

exhaust means for exhausting the atmosphere in the interior of said 
vacuum vessel; 
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a cylindrical discharge electrode fashioned so as to enclose said plasma 
generation region; 

first high-frequency power application means for applying high-frequency 
electric power to said discharge electrode; 

magnetic force line forming means that form magnetic force in said plasma 
generation region; 

two walls, formed of a substance exhibiting electrical conductivity, and 
positioned so as to sandwich said plasma generation region between them, in 
dimension of said center axis of said discharge electrode, for defining the 
scope of said plasma generation region in said center axial dimension; and 
second high-frequency electric power application means for applying high- 
frequency electric power to one of said two walls. 
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ABSTRACT OF THE DISCLO SURE 
The object of the present invention is to make possible generation of 
high-density plasma even in the center of a plasma generation region. A 
plasma generation apparatus comprises a vacuum vessel 11, gas induction 

5 unit 12, exhaust unit 13, cylindrical discharge electrode 14, high-frequency 
oscillators 19 and 21, ring-shaped permanent magnets 15 and 16, and two 
disk-shaped walls 17 and 18. The discharge electrode 14 is fashioned so as 
to enclose a plasma generation region 41. The permanent magnets 15 and 
16 form prescribed magnetic force lines. These magnetic force lines have 

0 portions that are roughly parallel to the center axis 42 of the discharge 
electrode 14, the lengths of which parallel portions become longer as the 
magnetic force lines approach the center axis 42. The two walls 17 and 18 
define the scope of the plasma generation region 41 in the dimension of the 
center axis 42 of the discharge electrode 14. These two walls 17 and 18 are 

5 positioned so as to sandwich therebetween the plasma generation region 41 
in the dimension of the center axis 42. The plasma generation apparatus is 
also configured so that the magnetic force lines 43 passing through the 
center of the plasma generation 41 are shaped so that they do not intersect 
the two walls 17 and 18. 
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